We performed umbilical blood gas analysis for 130 pregnant women in sitting and for 50 in supine position immediately after their deliveries. To elucidate whether fetal blood gas changes were attributed to the maternal postures, we also carried out the maternal blood gas analysis during delivery (n = 145) and prior to the onset of labor (n =100) in both positions. Blood gas values of the umbilical vein and artery in the sitting group were significantly higher in pH, Poz, base excess (BE) and oxygen saturation (S02), and lower in Pc02 than those in the supine group. In contrast, maternal arternal blood gas values (pH, Paco2, Paoz and Saoz) did not show significant differences between these two groups in both during delivery and before the onset of labor. Thus, the sitting delivery position can elicit physiologically more beneficial blood gas aspects in fetus compared with the conventional supine delivery position. Umbilical blood gas improvements induced by sitting delivery position do not appear to be a result of the maternal blood gas alteration, but appear to be mediated by other factors. blood gas analysis ; umbilical vein and artery ; maternal radial artery ; sitting and supine delivery positions Effects of maternal delivery posture on fetus are interesting not only from the clinical but also from the physiological point of view. Different positions were employed for seeking better delivery in the past, and the supine position has now been widely accepted. Recently, however, the supine delivery position has been pointed out to produce physiological disadvantages (Humphrey et al. 1974 ) and the sitting position has been recognized to have some clinical benefits for perinatal managements (Roberts and Mendez-Bauer 1980; Nagai 1982) . It has been reported that the sitting delivery position can reduce the labor term, decrease the hemorrhage and produce some psychological advantages to pregnant women
; Caldeyro-Barcia 1979). However, no comparative studies have been done on whether maternal posture can affect the physiology of fetus. We therefore, studied the effects of supine and sitting delivery postures on umbilical blood gas parameters. In order to see whether fetal blood gas changes are directly related to different delivery positions, we also analyzed the maternal blood gas for each delivery position. Moreover, to eliminate the influences of labor and expulsion we measured the blood gas of full-termed pregnant women just prior to the onset of labor in different assuming postures.
MATERIALS AND METHODS
All the subjects in the present study fulfilled the following criteria, 1) uncomplicated singleton pregnancy at term, 2) spontaneous delivery in cephalic presentation, 3) delivered newborn having a body weight over 2,500 g, an Apgar score above 8 at 1 min and no malformations, and 4) no oxygen administration before and during labor. The protocol and purpose of this study were explained to all the subjects and informed concents were obtained from them. Umbilical blood gas analysis was performed in 130 infants whose mothers were delivered in sitting positions (sitting group) and 50 infants whose mothers delivered in conventional supine positions (supine group). These two groups were assigned randomly from the pregnant women. Just prior to the 2nd stage of labor, the women were placed in either sitting or supine delivery position for at least more than 20 min, which was considered to be sufficient to obtain steady state. Arterial blood samples were taken from maternal radial arteries at the intermission of labors during deliveries in the sitting (n =114) and the supine (n = 31) position. Arterial blood samples were also obtained prior to the onset of labor from 50 women in the supine and from 50 in the sitting assuming positions. Total population of infants and mothers referring to this study were 180 and 245, respectively.
The Birth EZ Birthing Chair® (Century Co., Aurora, NE, USA) was used for sitting delivery at angles between 55 and 65 degrees. Umbilical cord was ligatured immediately after each delivery at two points 15 cm apart and removed from the fetus, whose body temperature was 36°C on the average. Approximately 1.5 ml of blood was taken from umbilical vein and artery, and blood gas analysis was immediately carried out at 37°C using an acid-base analyzer (ABL-2 Acid-Base Laboratory®, Radiometer Co., Copenhagen, Denmark). Blood gas parameters referring to this study were pH, Pc02, Pot, BE and Sot. The oxygen saturation (So2) was automatically calculated with ABL-2 analyzer using the Hill equation corrected for pH with a Bohr factor of -0.48 and with a P50 of 26.6 mmHg. The results were compared by nonpaired t-test and considered significant when p values were less than 0.05.
RESULTS
The blood gas analysis of the umbilical vein revealed that the mean values of pH, PoZ, BE and So2 were significantly higher and that of Pco2 was significantly lower in the sitting group than in the supine group (Table 1) . The mean values of pH, Pot, BE and So2 in umbilical arterial blood were also higher in the sitting group than in the supine group, and the opposite relation was obtained in Pco2 (Table 1) . However, the mean blood gas values of the maternal radial artery during delivery did not show statistically significant differences between the sitting and the supine group (Table 2) . Moreover, blood gas values of the maternal artery at full-termed pregnant women prior to the onset of labor did not show significant differences between the two groups except for BE, which was lower in the sitting group than in the supine group ( Table 2 ). As to the maternal blood gas in the supine position, Pa~o2 and BE values were significantly lower and Pao2 value was higher during delivery than before the onset of labor. There were, however, no significant differences in pH and Sao2 between during delivery and before labor (Table 2) . On the other hand, in the sitting position Paco2 and BE values were significantly lower and Pa02 and Sao2 values were higher during delivery than before labor. No significant difference was found in pH during delivery and before the onset of labor in the sitting position (Table 2) .
DISCUSSION
Since 1981, we have employed a birthing chair for more than 1,000 deliveries, and have obtained favorable results. However, no available literature has presented concerning the objective benefits of the sitting delivery. The present results showed that all parameters of umbilical blood gas were significantly improved in the sitting position compared with those in the supine position. Population analyzed in the present study can be estimated enough to be subjected to clinical statistics, whereas that of previous reports concerning delivery position has not been always sufficient (Humphrey et al. 1973 (Humphrey et al. , 1974 Nagai et al. 1982 ). Nevertheless, these changes remained within physiologically allowable limits, and even in the supine position, umbilical blood gas tensions were within the normal ranges (Beard and Morris 1965) . In addition, the maternal blood gas values during delivery and before the onset of labor did not show any significant differences between the two positions (Table 2 ). This implies that alterations in fetal blood gas values with different delivery positions would offer only physiological interest but no merits for clinical aspects. However, hemoglobin dissociation curve at this level of Pot has a steep slope and a small change in Pot can produce a significant change in oxgen transport. Moreover, oxygen dissociation curve of fetal hemoglobin (hemoglobin F) is shifted to the left and this results in a further increase in oxygen content (Nelson et al. 1964) , although the increased 502 (Table 1 ) may be in part attributable to Bohr effect by the decreased Pco2. Consequently, even a small change in Pot of umbilical blood has also an important meaning in the clinical practice.
There were no significant differences in maternal blood gas values between the two positions in spite of the presence of the umbilical blood gas alterations. Therefore, the fetal blood gas change induced by different maternal positions is not a result of alterations of blood gas in their mothers. Mechanisms of fetal blood gas improvements by the sitting delivery position are unknown but the improvements may be attributed to factors, such as shortening the 2nd stage of labor (Mitre 1974 ) and/or change in placental circulation (Humphrey et al. 1973 ). Further investigations are required to settle this question.
It is generally believed that a postural change from sitting to supine causes an increase of Paco2 and a decrease of Pa02 in normal subject (Weissman et al. 1982 ) as a result of the fall both in lung compliance (Attinger et al. 1956 ) and in FRC (functional residual capacity) (Craig et al. 1971 ). Concerning pregnant women, minute ventilation increases by 50% above nonpregnant levels and Paco2
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decreases from 40 mmHg to about 30 mmHg and Pao2 increases by 10 mmHg (Stoelting and Miller 1984) . Accordingly, it can be estimated that Pao2 is much lower in seated mothers than those in the supine position during delivery and Pao2 is much higher in the sitting than in the supine position. In the present study, however, maternal Pao2 and Pao2 during delivery as well as before labor did not exhibit significant differences between the two positions, although considerably low Pao2 and high Pao2 were obsereved in both positions. An explanation for this is that pregnant women before the onset of labor and during delivery may have so highly hyperventilated that their Pao2 have already attained the maximal values regardless of their postures. It is also interesting to note that the alterations in blood gas parameters of pregnant women compared with non-pregnant, such as increased pH, Pao2 and Sao2, and decreased Pao2 and BE, were quite similar between the two positions. The postural change of full-termed pregnant women is likely to have no significant influence on their blood gas values. When we compare the maternal blood gas values in pregnant women during delivery and before labor in each position, the values during delivery exhibited increases in Pao2 (in both positions) and Sao2 (in sitting) and decreases in Pao2 and BE (in both positions) ( Table 2 ). It is considered that in either position, the Pao2 during delivery is higher than those before the onset of labor because of enhanced hyperventilation, which is partly due to the compensatory effect against more progressed metabolic acidosis. In their consequence (respiratory alkalosis combined with metabolic acidosis), pH is maintained at the same level. Thus, no change in maternal pH and Pao2 by postural change appears to be the consequence of overwhelming severe hyperventilation, partly resulting from moderate metabolic acidosis in full-termed pregnant women.
Other interesting facts are uncovered in blood gas variables in the maternal artery (MA), umbilical vein (UV) and umbilical artery (UA). The differences of pH ( Fig. l) and Pao2 (Fig. 2) between the sitting and the supine posture tend to be larger in the UV (p <0.05 in both pH and Pao2) than those of MA (N.S.), and much lager in the UA (p <0.01 in pH, p <0.05 in Pao2) than in the UV. These results indicate that the sitting delivery position would be more beneficial to the fetus than to the mother as far as desirable blood gas environments concern.
The blood gas tension gradients between the maternal artery and umbilical vein are considered to reflect the state of placental circulation, while the gradients between the umbilical vein and umbilical artery are considered to be that of the fetal circulation. No significant postural difference was observed in the blood gas gradients between the umbilical vein and artery (Table 3) . Accordingly, we suspect that the significant postural difference should be present in the gradient between maternal artery and umbilical vein, although we failed to demonstrate this evidence because the gradient (MA minus UV) must be obtained from identical subject. This may support the possibility of fetal blood gas improvements being caused by placental circulation change.
In conclusion, the sitting delivery position produced more advantageous conditions to fetus in every aspect of blood gas analysis than the supine position. It is also suggested that the sitting delivery position should be more beneficial to the fetus rather than to the mother. These physiological amelioration may be caused by the shortening of labor term and/or the improvement of placental circulation instead of maternal blood gas alterations.
